difference can only be answered when
objective evaluation techniques are
available to test computer programs and
electrocardiographers. Such methods
are being developed in our department
as well as in several others outside
Canada.

However, cardiologists do not have
to wait until these issues are resolved
to make profitable use of the computer.
We have identified two classifications,
normal sinus rhythm and normal ECG
contour, for which there was general
agreement between computer and all
the electrocardiographers. Such classi-
fications may apply to nearly 30% of
our hospital population, though the per-
centage may well be higher in centres
not as heavily oriented towards tertiary
care as is our centre. Our results in-
dicate that ECGs classified by the com-
puter as normal with respect to rhythm
and contour do not require review by
an electrocardiographer since °signifi-
cant alterations by the latter are rare.
Instead, review by a technician to safe-
guard against obvious computer errors
in pattern recognition should be suf-
ficient.

Under these circumstances it is eco-

nomically feasible for electrocardio-
graphers to use the computer for ECG
interpretation, provided a sufficiently
large number of ECGs are being pro-
cessed. This is true especially if the
benefits the computer will provide in
storage and retrieval of old ECG inter-
pretations are considered. An improve-
ment in the accuracy of ECG inter-
pretation by use of the computer will
then be an additional benefit, once it
has been demonstrated convincingly.

We thank the following electrocardio-
graphers of Dalhousie University medical
school for their participation in this study:
R.N. Anderson, C. Felderhof, M.M. Gore-
lick, J.H. Haldane, L. K. Harris, A.R. Mac-
Neil, J.R. Rae, K.A. Sample, E.R. Smith,
L.C. Steeves and J.W. Stewart.

This study was supported in part by
the Health Service and Insurance Com-
mission of Nova Scotia.
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Survival of patients treated for end-stage renal disease
by dialysis and transplantation
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The results of treatment in 213 patients
with end-stage renal disease who
underwent hemodialysis, peritoneal
dialysis or transplantation, or a
combination, between 1962 and 1975 were
analysed. Comparison by censored
survival analysis showed significantly
better (P < 0.01) patient survival with
the integrated therapy of dialysis and
transplantation than with either form
of dialysis alone. There was no
significant difference in survival of
males and females but survival at the
extremes of age was poorer. Analysis

of survival by major cause of renal
failure indicated best survival in patients
with congenital renal disease. Graft
and patient survival rates at 1 year
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after the first transplantation were

*42% and 69%. The major cause of

death in this series was vascular disease
but infection was responsible for
50% of deaths after transplantation.
While integration of dialysis with
transplantation produces best patient
survival, this course is possible only
when sufficient cadaver kidneys are
available.

On a analysé les résultats du traitement
chez 213 patients souffrant de maladie
rénale au stade terminal qui ont subi,
entre 1962 et 1975, I'hémodialyse, la
dialyse péritonéale ou la greffe, ou une
combinaison. La comparaison, par analyse
pondérée de la survie, a révélé une
survie significativement meilleure

(P < 0.01) pour le traitement comprenant
dialyse et greffe que pour I'une ou
I'autre des deux formes de dialyse
employées seules. On n'a observé
aucune différence significative entre
les taux de survie des hommes et
des femmes, mais la survie était moins
bonne aux limites de l'intervalle d'age.
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L’analyse de la survie pour les
principales causes d'insuffisance rénale
a indiqué une meilleure survie chez
les patients souffrant de maladie rénale
congénitale. Les taux de survie a 1 an
pour les greffes et pour les patients
aprés la premiére greffe ont été de
42% et de 69%, respectivement. La
principale cause du décés dans ce
groupe a été les maladies vasculaires
mais l'infection compte pour 50%
des causes de décés aprés une greffe.
Alors que I'association de la dialyse

et de la greffe donne la meilleure
survie, ce mode de traitement n'est
possible que quand on dispose d’une
nombre suffisant de reins d’origine
cadavérique.

During the last 25 years dialysis and
transplantation for end-stage renal dis-
ease have developed to the extent that
rehabilitation is regarded as a more
acceptable criterion of successful treat-
ment than patient survival. While eco-
nomic concerns may be responsible for
this change in emphasis, patient sur-



vival remains of fundamental import-
ance. Survival data also provide a way
to compare different modalities of
treatment for chronic renal failure and
serve as a guide for future planning.

This paper describes the experience
of one unit in the treatment of patients
with end-stage renal disease over a
12-year period by hemodialysis, peri-
toneal dialysis or transplantation, or a
combination of these.

Patients and methods

A dialysis centre for the care of
patients with acute or chronic renal
failure was established in 1962 at the
University of Alberta Hospital. Trans-
plantation was first performed in Ed-
monton in 1967 and home dialysis
was initiated in 1970.

Between December 1962 and April
1975, 213 patients were treated for
end-stage renal disease by hemodialysis,
peritoneal dialysis or transplantation, or
a combination of these modalities, and
it is the results of treatment in these
patients that form the subject of this
study.

Original disease, age, sex and dura-
tion of different modes of therapy were
determined from clinical charts. Causes
of death were analysed according to
age, sex, original disease and mode of
therapy at the time of death. After the
data had been coded, basic descriptive
statistics were produced and compari-
sons made by tests of analysis of vari-
ance.’ Censored survival curves were
compared by a modification of the
Wilcoxon test.?

In the early years of the program
patients were accepted if they had no
evidence of other diseases that would
hinder rehabilitation and decrease life
expectancy.® Since then acceptance cri-
teria have been broadened and the only
patients now excluded from the pro-
gram are those with incapacitating pul-
monary or cardiovascular disease, ter-
minal malignant disease or psychosis
not due to uremia. As in many other
centres, however, we have been reluc-
tant to accept persons with diabetes for
maintenance therapy because of their
severe vascular disease. No patient
treated for end-stage renal disease dur-
ing the 12 years was excluded from
this study, even when death occurred
within a few days of the initiation of
treatment.

Results

Of the 213 patients treated since
1962, 100 were still alive in April
1975; 55 had been treated by hemo-
dialysis alone and 25 by peritoneal dial-
ysis alone, 2 had received transplants
without previous dialysis and 131
(62%) had been treated by a combina-
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FIG. 1—Comparison of yearly number of patients with end-stage renal disease accepted
for treatment and number receiving a transplant or being transferred to home dialysis.

tion of modes of therapy. Yearly num-
bers of admissions to the program with
rates of transplantation and transfer
to home dialysis are shown in Fig. 1.
Mean age on admission to the program
was 29 years for the 131 males and 34
years for the 82 females. Analysis of

Table I—Primary cause of renal failure in
213 patients
No. (and %)
Cause of patients
Glomerulonephritis 99 (47)
Chronic, advanced 60
Membranous 3
Membranoproliferative 19
Rapidly progressive 12
Proliferative, other 1
Poststreptococcal 3
Other 1
Interstitial 25 (12)
Pyelonephritis 18
Tuberculosis 1
Gout 2
Nephrocalcinosis 2
Renal lithiasis 2
Systemic 6 (3)
Amyloidosis 3
Lupus erythematosus 2
Postpartum nephropathy 1
Toxic 9 (4)
Analgesic abuse 8
Antibiotic abuse 1
Congenital and familial 35 (16)
Polycystic disease 16
Microcystic disease 3
Alport’s syndrome 3
Congenital renal hypoplasia 1
Bladder neck obstruction 4
Other hereditary
nephropathies 2
Other congenital
nephropathies 6
Hypertension 28 (13)
Diabetes 4 (2)
Other 7 (3)
Trauma 1
Oxalosis i
Scleroderma 1
Myeloma 1
Unknown 3
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patient age at year of admission to the
program indicated the more liberal ac-
ceptance criteria used in later years
in that persons under the age of 10
years c}r over the age of 60 ycars were
not admitted for treatment until after
1968.

The diseases responsible for renal
failure in these patients are listed in
Table I. Biopsy confirmation of dis-
ease was obtained in 28% of patients.

Survival of patients according to
mode of therapy is illustrated in Fig.
2. Survival was significantly better
(P < 0.01) in patients treated by dial-
ysis and transplantation than in those
treated by either form of dialysis alone
at 6, 12, 24 and 36 months, and in
patients treated by hemodialysis alone
than in those treated by peritoneal dial-
ysis alone at 6, 12 and 24 months.

Mean survival according to age at
initiation of therapy is shown in Table
II. Survival of patients under the age
of 10 years was significantly less (P <
0.05) than that of patients aged 10 to
19 years, but further statistical distinc-
tions were limited by the small number
of patients (four) in this group. Survival
of patients 60 years of age or older

—— Hemodialysis alone (n-55)

wea Peritoneal dialysis alone (n-25)

e Didlysis phus mphmi‘ ‘8‘;;
-

a8 L) 2

MONTHS
FIG. 2—Sarvival of patients treated by

hemodialysis alone, peritoneal dialysis
alone, or dialysis and transplantation.
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Table Il—Patient survival according to age at initiation of therapy for end-stage renal disease

Survival (mo)

Age (yr) n Mean Standard deviation Range
1-9 4 11.0 5.6 1-18
10-19 22 30.8* 22.7 1-78
20-29 46 15.9 349 1-146
30-39 42 29.7 323 1-95
40-49 54 22.4 22.7 1-78
50-59 31 17.7 13.4 1-50
60 + 14 8.2t 6.7 1-15

*Significantly better (P < 0.05) than at ages 1 to 9.
tSignificantly less (P < 0.01) than at ages 10 to 19, 20 to 29, 30 to 39 and 50 to 59.

Table 111—Causes of death and mode of therapy at the time of death in patients treated for end-

stage renal disease

Cause of death

No. (and %)

of patients

Therapy at time of death;
no. of patients

Hemodialysis

Peritoneal Had

dialysis

received

transplant

Cardiovascular
Myocardial ischemia
Hyperkalemia
Pericarditis
Cardiac failure
Cardiac arrest (cause

unknown)
Hypertension
Pulmonary embolism
Cerebrovascular accident

Hemorrhage
Gastrointestinal
Other

Infection
Pulmonary

Bacterial

Viral

Fungal
Septicemia
Hepatitis
Peritonitis
Other

Social
Patient refused therapy
Therapy discontinued for

other reasons

Other
Uremia
Pancreatitis
Malignant disease

Immunosuppressive

therapy

Other
Perforated ulcer
Disseminated lupus

erythematosus
Inhalation of vomitus
Air embolism
Encephalopathy
Unknown

47 (42)
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*Includes six patients whose therapy at the time of death was known and six patients who were

lost to follow-up.

Table IV—Details of renal transplantation in 85 patients

Source and no. of grafted kidneys

Transplant no. No. of transplants Cadaver Living parent Living sibling Living donor, other

1 85 71 9 4 1
2 13 12 1 - -
3 2 2 - - —
4 1 1 - - -
Total no. 101 86 10 4 1
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FIG. 3—Survival of patients according to
major causes of renal failure.

was significantly less (P < 0.01) than
that of patients in the other age groups
except 1 to 9 and 40 to 49 years.

The association between survival and
major causes of renal failure in this
series is shown in Fig. 3. Not un-
expectedly, patients with systemic dis-
ease had the lowest survival rate, al-
though there were only six patients in
this group. Hypertension was also asso-
ciated with poor survival partly because
hypertension as a cause of end-stage
renal disease was more common in
older patients; in 6 (43%) of the 14
patients 60 years of age or older hyper-
tension was the cause of renal failure.
Survival was significantly better (P <
0.05) at 6, 12, 24, 36 and 48 months
in the group of patients with congenital
renal disease than in any other group.
Congenital diseases were the cause of
renal failure in two main age groups:
50% of patients aged 10 to 19 years
had a rare hereditary nephropathy or
anatomic abnormality, and polycystic
disease was an important cause in pa-
tients aged 40 to 49 years.

At the conclusion of the study 113
patients were dead. The causes of death
and modes of therapy at the time of
death are shown in Table III. Vascular
disease was the main cause of death
in dialysis patients. Infection was re-
sponsible for 50% of the deaths in
patients who died after transplantation
and for 40% of the deaths in patients
treated by peritoneal dialysis, many of
which were due to peritonitis or septi-
cemia associated with peritonitis. Main-
tenance peritoneal dialysis is now rarely
used in this region except when home
or medical circumstances prohibit the
use of hemodialysis.

Between 1967 and April 1975, 101
transplants were received by 85 pa-
tients, as detailed in Table IV. Of the
85 patients 2 received transplants with-
out previous dialysis. Because so few
transplantations from living donors
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FIG. 4—Comparative survival of patients
and grafts after first transplantation.

have been done at this centre, we com-
bined patient and graft survival for all
first transplants on one graph (Fig. 4).
At 12 months following the first trans-
plantation, graft survival was 42% and
patient survival 69%. Only 13 patients
received more than one graft; for this
group graft and patient survival were
43% and 69%, respectively, at 1 year
and 34% and 37% at 3 years. Reasons
for failure of first grafts are detailed in
Table V. In accord with most published
data on results of transplantation the
major cause of graft failure in this
series was immunologic; the principal
cause of the unusually high failure rate
for transplantation from living donors
at this centre was also immunologic.
Thirtv-nine patients were trained for
home dialysis. Seven died, but they had
received modes of therapy other than
in-centre hemodialysis and home hemo-
dialysis (i.e., peritoneal dialysis and
transplantation). No deaths occurred
in the 17 patients treated only by in-
centre and home hemodialysis, and the
mean survival for this group was 33
months at the conclusion of this study.

Discussion

A developing interdependence of
dialysis and transplantation was first

Table V—Reasons for failure of first graft

Source and no. of grafted

kidneys
Cadaver Living donor

Reason (h=71) (n = 14)
Immunologic 20 5
Technical 3 1
Primary non-

function 6 0
Death unrelated to

transplantation 13 1
Vascular 2 2
Infection 3 0
Technical and

vascular 1 0
Total 48 9

recognized 5 years ago;*® since then an
integrated approach to therapy for end-
stage renal disease has been advocated
by other authors®® and adopted by a
number of centres.””® Our results sup-
port the thesis that integrated treatment
produces better results.

Survival in this series was better in
patients treated by transplantation and
dialysis than in patients treated by dial-
ysis alone (with the exception of the
patients who received only in-centre
and home hemodialysis). It is difficult
to discern the extent, in both this series
and those reported by others, to which
integrated therapy has been a deliberate
choice rather than a post hoc descrip-
tion of changing techniques leading to
longer patient survival. Refinements in
dialysis techniques and the recognition
that patients can receive more than one
transplant have contributed to im-
proved patient survival. An important
factor leading to improved patient
survival has been the recognition that
in a patient whose kidney is being
rejected immunosuppression should not
be continued to the point beyond
which it is difficult to re-establish
dialysis."™"" In this series survival
with hemodialysis alone was inferior
to that reported by the European
Dialysis and Transplantation Associa-
tion in 1975."* However, we included
all patients treated, even for a very
short time, by dialysis. If patients
treated for less than 3 months had been
excluded from consideration, survival
at 1 year would have been 73%.

The poor results of treatment by
peritoneal dialysis alone and the rela-
tively large number of deaths due to
infection in this group of patients were
in the early years of the program
(1962-71), before a closed drainage
system was introduced at this centre.
Karanicolas and colleagues’ recently
reported more encouraging results with
the use of peritoneal dialysis.

In contrast to the findings of Lowrie
and associates™ but in accord with the
data reported by the United States Na-
tional Dialysis Registry in 1972* and
the European Dialysis and Transplanta-
tion Association.'” survival in this series
was better in patients undergoing home
dialysis than in those undergoing in-
centre dialysis. A study of our patients
showed better overall rehabilitation in
patients undergoing home dialysis than
in those undergoing in-centre dialysis."®
It is usually the more enterprising and
socially stable patients who elect home
dialysis, and we believe this partly ac-
counts for their better survival.

The cost/benefit ratio and other eco-
nomic factors in the treatment of end-
stage renal disease have received much
attention recently.®'” It has been sug-
gested that equilibrium is achieved after
12 years when the number of deaths
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during treatment equals the number of
new patients accepted for therapy. Our
figures are strikingly similar to those
predicted by Kerr,"” although the ad-
mission rate for our centre, which
serves approximately 1 million people,
is slightly less (36 per million) than
Kerr’s. However, equilibrium has not
yet occurred in this region, primarily
because of a shortage of cadaver kid-
neys, and this has led to continued ex-
pansion of the dialysis program, parti-
cularly home dialysis.

We believe an integrated program
should be pursued in the treatment of
patients with end-stage renal disease.
The extent of an integrated program,
however, will vary with local circum-
stances, such as availability of cadaver
kidneys, financial support for home
and in-centre dialysis and the social
conditions of each patient. It is only
careful local adaptation to each of
these factors that will allow optimum
treatment of all patients with chronic
renal failure.

We thank Herta Gaedke for her valuable
assistance with statistical analysis.

This research was supported by Uni-
versity of Alberta general research grant
55-32714.
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